Sidepath results on packing $\vec{P}_1$'s and $\vec{P}_2$'s by Brewster, Richard C. et al.
  
 
 
 
 
 
UNIVERSITY 
OF TRENTO 
 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY 
  
38050 Povo – Trento (Italy), Via Sommarive 14 
http://www.dit.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
SIDEPATH RESULTS ON PACKING  
$\VEC{P}_1$'S AND $\VEC{P}_2$'S 
 
 
 
Richard C. Brewster,  
Pavol Hell and Romeo Rizzi 
  
 
 
 
 
February 2003 
 
Technical Report # DIT-03-008 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 	
 
ﬀ ﬁﬃﬂ !"$# %
&(')
*+ %
&-,.)

/1032547698;:=<>@?A8;BDCEGF;BH8JI
KLBNMFO>+PRQTSU6VFJ4U6RW:UXYF56ZF[EN>
<\69M703]^6RWP_<!P]3]3BN`B
,VaYbbdcAe
8;2NBH]f]g(6Oh
iPR8jFJ4lkm6RW2HP
eon
BH8Hpq?1>r<>fpq<\69W76R:76
kts9uwvRx
b
8zy8zBDCEjF;B|{2O69M 2HPR]f]3BN`BR>}y 2R>}2O6
c
6
n
P]xBH]f]
X254P~P]PRQ+<!P_M
e
F[03W`_X2N03BHW2NB
X0fwPW8J6REjBN81LW0
n
BH8;Ez0F"h
?
e
8JW76Vy~hp@?>r<>3pq<\6RW76R:76
k
bZ '
Xo
Mq6
n
P]{2NEH>}EjQ
e
>}2O6
/PwBHP/03NO0
ŁEjFJ0F
e
FJPM BN81]^6/0f2DBH8;2H6X2N03BHWF[0q2O6dBtBH2HWP]3PR`032O6
v
aYb9a
8zBHWYFJPŁF[6R]hq
8JPRwBOPY{Ez2N03BHW2NBR>
e
W0FJW.>0F
BNy8
e
698jh
'
p
,9aa
v
TR D¡j
¢£¥¤D¦¨§©5ª¬«­£¤D¦§[§j®°¯7§j®R¯±§z²ﬃ£.¦£¯³D´¬µ¯®¦§z²=§z³­¦q¶·§z²¸¤N¹jºNª»§zºA¤N¹G¤¼£¦½
¾À¿JÁmÂÄÃ
"ÅRjÆYÇ È
É~ÊË
È
ÉRÌ ÍÎ¤N¹j¶Ï5ª¬º­Ð­Ñz«Nª»¦£¶·µ±£«Ò¤N¹GµÓ¥¤H¹j¶Ï5ª¬º­Ð­Ñj¶ª»¦¨¶³Dª¬µZ¤N¹j¶Ï5ª¬º­Ð­½
Ô¨ÕÖz×ØÙjÚ3ÖzÛ"ÜfÝVÞÜ^ØÚf×ß¬ÙzàáàãâØ"ä^å æ;Ûçàã×èjÞ×RÚ3Ö;×oÝ3Ùzézé[ÛÜ3Ú9Ûß­Ú3Öz×oê~ØÚfÙzÜ^Øà[ëzäìá×¨æ;ä¨×ØæJè.íZæzÞ"ìãæ;×¨×¨Ü3î
ìãæ;ÞïY×Ý3×ØÜ^ä^Öð9Û"Ùzæ;ä¨ìãàDÛß|ðRØæ;ØèzØ;ñ
ò
  
	
ﬀﬂﬁﬃ !#"ﬀﬃﬂ%$&('ﬁ)*ﬃ+ﬂ&-,.0/-1'2ﬂﬁ)31ﬁ4ﬁ15"60-,7ﬂ!4ﬁ8ﬂﬁ)ﬂ9:;"6<,.ﬂ!4=!9ﬀ>!4@?
ﬃA/B1(!1Cﬃ/-ﬃDﬁ)ﬀEGFIHKJLMﬁ<ﬂﬁN,.ﬁO"6+ﬁ<ﬂﬁP/B'ﬁO"ﬂQERFIHS,.!/T4!ﬂﬁU'+ﬁ)"V/B(:(ﬁ)'C(15"6WX'+9>)"ﬂ(!1
"ﬂ1+-"V/B"ﬂ(!1SY+ZA/->V[]\!W!91'SYD/B1'^4-"ﬂ$B/B"6!1_J
`aﬁ)"0bcZ ﬁ@/d3+eXﬁ'2ﬂﬁN"ﬀ-,f'(\-6/-ﬃ+J*gﬀ;$!ﬁ)1M/'+(\!ﬂ/-ﬃhiY_/Cbj?kﬃA/->V[]1\C(1h
l/>!::(ﬁ>N"6!1Cmn-,o$!ﬁ#"6ﬁpeq'.rW!15"lW9Z\!ﬂ/-ﬃs-,fhiY 1-"s1ﬁ>)ﬁW6/-W(:tQ1'9>)ﬁ'_Y
ﬁ/->V@(W!4u-ﬂﬃ>v"ﬂ</l4ﬁ4TZ ﬁj-, bOJwxbj?kﬃA/->V[]1\lmy{z|P}!~z@&zc,"ﬂﬁO1]94TZ ﬁ
-,D$!ﬁ)W"6>ﬁ){Z ﬁ:(-1\!(1+\U"604uﬁ)4TZDﬁ)ﬂv-,Smv4u/IeX(494^Y-$-ﬁ{/-:(:Abj?ﬃA/->V[](1+\!Jﬁ
/-1/-:(!\-!9fﬃﬂ-Z:(ﬁ)4,.!79+1'(Wﬁ>N"6ﬁ'd\!6/-ﬃ+7/-{Z ﬁﬁ)1ﬁNe&"6ﬁ)1ﬂ;$!ﬁ):tuW"69+'(ﬁ)'(18"6ﬁ
:"6ﬁ)6/B"ﬂ9ﬂﬁBJCk1/^>)!4ﬃA/-1!1Mﬃ/-ﬃDﬁ)*7ﬁ(1+"6(/B"6ﬁT"ﬂﬁd#"69'Xti-,O'(\!ﬂ/-ﬃ2ﬃA/->V[](1+\
ﬃW!Z:ﬁ4Y,.X>)9ﬂ1\!1"6ﬁ
>/-ﬂﬁCﬁ)1xb(8/q,Ł/-4(:tB,l'ﬂﬁ)>)"6ﬁ)'ﬃ/B"6)JLiﬁ
W%{ﬁ)'"6A/I"s9+1:(ﬁ)ﬂsb(*.ﬁﬂWﬁ15"6(/-:(:;t+ﬁ)"ﬂﬁ<<
Ê6
YA!<<
Êp

Ì
Y"6+ﬁbj?ﬃA/->V[](1\
ﬃW!Z:ﬁ48lo?k>)!4ﬃ:(ﬁN"6ﬁ-JLMﬁ
9ﬂﬁC"6+ﬁQ1+-"V/B"ﬂ(!1,.!T"6ﬁM-~6VNkﬂ
 +|-.¡x¢¤£
¥
N¦&§-¡u¨DYA©JRﬁBJY"ﬂﬁﬀﬃA/B"6Qª¬«

ª
ÊV­P­P­
ª <1C(>V^/-:(:_/-ﬂ>)s/Bﬂﬁ<!W(ﬁ15"ﬂﬁ'
,.ﬂ!4®ªA¯(°
Ê
"ﬂªA¯a,.!±j²
ò

F
P­P­­
¨DJ
L³ﬁ)1Cb²´<
Êp
Y5"6ﬁlbj?kﬃA/B>V[&1\0ﬃﬂ!Z+:(ﬁ4µ7W(4ﬃ:t*"6ﬁs4d/I"6>V1\*ﬃ+ﬂ!Z:ﬁ4QJ
k1
EGFIH©YB7ﬁ7"ﬂﬂﬁP/I"(1*'ﬁ)"6/-(:5"ﬂﬁ7-1ﬁ{Wﬁ4u/-(11\>P/-Wﬁ-Y]bM²<
ÊV

Ì
JLiﬁ7\!$-ﬁ71*"ﬂ(
>/-ﬂﬁ¶/<ﬃD-:t&1!4·/-:]"64uﬁO/-:(\!-ﬂ"ﬂ4¸ZA/-Wﬁ'd-1u/B9\!4ﬁ15"61\<>!1X3A\!9ﬂ/B"6!1Y]/B1'd/
>)!ﬂWﬁﬂﬃ !1'+(1\<¹7ﬁﬂ\-ﬁN?"kt&ﬃ ﬁ/-1'j9+"W"6ﬁp?"kt&ﬃDﬁ7"6ﬁ)!ﬂﬁ)4u)JjLMﬁ/-:(Wl\!;$!ﬁ{/lﬂﬁ)'9>)"ﬂ(!1
"ﬂZ(ﬃA/BW"6;"6ﬁ4u/B"ﬂ>V(1\+Jak1ﬀ"ﬂ(aWﬁﬃ !W"Y%{ﬁf\!;$!ﬁ/'ﬂﬁ>N"a>-4TZ(1/B"6!W·/-:B/-:\!!ﬂ;"64
ZA/Bﬂﬁ'Q!1
/-9+\!4uﬁ)15"V/B"ﬂ(!1)Y+ﬁpe+ﬃ+:(!WﬁU{ﬁ)(\!5"6ﬁ)'Q$B/-W·/-15"ﬂO-,"6ﬁ<ﬃW!Z:ﬁ4QY/-1'
\!;$!ﬁ
/@ﬃ !:t&ﬁ)'6/-:_/-1A/-:;tXW()J
º » P^¼¬½ ¾0¿ 7Àq¾T¾TÁ<fÂ¶¾*
k1"6ﬀﬂﬁﬃ !#"PYa"6ﬁ8"6ﬁ)ﬂ4= +|&VÃI~¦&§^;"6!9X"0,.9+W"6+ﬁﬀﬂﬃ ﬁ>)3A>/B"6!1i/B:{/%t&0ﬂﬁN,.ﬁﬂ
"ﬂ/C<
Êp

Ì
?kﬃ/->V[](1\J`aﬁN"UhÄ²Å©Æ
6Ç
Z ﬁ*/u'\!6/-ﬃ+/-1+':(ﬁN"smÈZ ﬁT/8ﬃA/->V[](1+\
1dhiJoﬁ1
ÉÊ5Ë¬Ìs.mTv'+ﬁ1-"ﬂﬁv"6ﬁs1&9+4TZDﬁ){-,S$!ﬁ#"6>ﬁ7-,hÍ:(ﬁ),"vﬁpe+ﬃ !Wﬁ'CZ5t8mdJ
.k1Q"ﬂ(Wﬁﬃ !W"Yﬂ9Z+ﬂ>W(ﬃ+"ﬂl/Bﬂﬁﬀ!4"ﬂ"ﬂﬁ'ﬁ)1>)!15$!ﬁ1+(ﬁ15"VNJ
g<$!ﬁ)1C/0$-ﬁ#"6ﬁNedÎ¬Y&"ﬂﬁ~¦AÏk¦SN~;§I¡+ÐN¢I&6¡A¢%¢-,Î¬Y&'ﬁ1+-"6ﬁ)'CÑÒf.Î+pYXWﬁWﬃDﬁ)>)"6;$!ﬁ):t
¢I&©Ïk¦SN~;§I¡+ÐN¢I&6¡A¢%¢^-,fÎ¬YS'+ﬁ1-"ﬂﬁ'Ñ
°
ŁÎXNY (¶"6ﬁTWﬁ)"TªÓÔŁª

ÎXv/-1/Bﬂ><-,oh

Y
Wﬁﬂﬃ ﬁ>N"6;$!ﬁ:;tdªÓÕ.Î

ªDv(/B1/-W><-,oh

Jg<$-ﬁ18/lWﬁ)"f-,A$-ﬁW"ﬂ(>)ﬁvÖOY5ÑÒKÖfj("6ﬁ
91+(!1C-,Ñ^ÒfŁÎXv"6/-[-ﬁ)1Q%$-ﬁ¶/-:(:¬$!ﬁ)W"ﬂ(>ﬁ)Îu1
ÖOJﬁﬀﬂﬁ)"¶Ñ
°
KÖf7/-1A/B:(!\!-9ﬂ:;t
'ﬁN3A1ﬁ)'29+ﬂ(1+\
Ñ
°
ŁÎXpJﬀ×¬-U/-15tqWﬁ)"*Öc-,$!ﬁ)W"ﬂ(>ﬁ)<,.ﬂ!4ÍhiYS"ﬂﬁ
&.ØON~KN¦SNÙ0-,{Ö
1^hÄ'ﬁ)3A1+ﬁ'q/B
Ú
ÉÛIÌl©Öf{ÜÝ²ÈÓÞÖlÓ%ßyÓÞÑ
Ò
KÖfÓPßyÓÞÑ
°
KÖfÓ
­
F
 :ﬁP/-W:t!Y-ÉÊ5Ë.mT Ú ÉÛKÖf,.-oﬁ)$-ﬁ#tTﬂﬁN"vÖ/-1'TﬁN$!ﬁ)WtTﬃ/->V[](1\UmuJoﬁ7,.!:(:1\
4(1X?4d/ed>V/-6/->N"6ﬁ)ﬂ/B"6!1
(O"ﬂﬁﬀ4d/-1Cﬂﬁ)ﬂ9:;"-,o-9¶/-1A/-:;tXW()J
	
  ¦-NpÙﬀ-~;§-W|N A¡<h ¡AN6sW}!~Nﬀ|ﬁ%Nj¢¤£7¦S¢&ﬂÖx|-¦ 0|O +|&VÃI~¦&§
mﬃN¬V¡Q¡+|-jÉÊ5Ë.mT7² Ú ÉÛKÖf 
k1
"6ﬁﬀ1ﬁpeX"sﬂﬁ)>)"ﬂ(!1_YX{ﬁ0ﬃﬂ%$&('+ﬁ*/B1^/B:(\!!W"ﬂ4u>sﬃ+ﬂ&-,oB,oﬁ)!ﬂﬁ)4ÍFXJ
ò
J
! "  ¾$# %8f)À½
LMﬁ!1:t*'ﬁ)ﬂ>W(Z ﬁl/<ﬃWX>)ﬁ'9+ﬂﬁ(>VSY&\-$!ﬁ)1d/<'\!6/Bﬃ8hÍ²KÆ
6Ç
/B1'd/<ﬃA/B>V[5?
1\muY ﬂﬁ)"ﬂ9ﬂ1+lﬁ;"6ﬁ)l/B1|--§-zdN¦A|-Ł~K¢I¦AY"6A/I"ll/ﬃA/->V[](1\m&D"ﬂÉÊ5Ëm&('
ÉÊ5Ëm@pYA!/@ﬂﬁN"UÖ"ﬂ^ÉÊ5Ë.mT7² Ú ÉÛoKÖfNJwO"ﬁN$!ﬁ#tQW"6ﬁ)ﬃ_Y"6+ﬁ0ﬃ+ﬂ&>ﬁ'+9ﬂﬁ<(::
ﬃ ﬁ#,.!ﬂ4 /4%$!ﬁu!9+"*-,/Q31"ﬂﬁdﬂﬁN"T-,OﬃD!WﬂZ:(ﬁ4u%$-ﬁJQwO"TﬁN$!ﬁ)Wt#"6ﬁ)ﬃ_Yo"6+ﬂﬁﬁ
W9ZﬂﬁN"6ÖOY)
Ò
/B1'*)0°C-,Æy(:(:AZ ﬁ¶9ﬃD'/B"6ﬁ)'Ł!1+:t8Z5tu/-''1\*1+X'ﬁ)7"ﬂ*"6+ﬁ4dNJ
LMﬁu'+ﬁ1-"ﬂﬁuZ5t+) "ﬂﬁ8ﬂﬁN",)
Ò.-
)0°/B1'iZ5t0/"ﬂﬁuWﬁ)"TÖ
-
)TJdﬁ)ﬂﬁu/-ﬂﬁ8"k7
[](1+'-,4$-ﬁ)Jvwy3ﬂW"[]1'C-,4u%$-ﬁ<:(ﬁP/B'{"68/B1
/-9\!4ﬁ15"V/I"6(-1_YX+ﬁ1>)ﬁﬀ"ﬂT"6ﬁ
"ﬂﬁﬂ4(1/B"6!1-,{"ﬂﬁdﬃ+ﬂ&>ﬁ'+9ﬂﬁBJﬁdWﬁ>)!1'[](1+'i-,{4u%$!ﬁ(1+>ﬂﬁ/-ﬂﬁ)Z -"6 Ó ÖlÓ
/-1+'yÓ1)
Ò
Ó32ÈÓ )0°Ó J2+(@(4u!Wﬁu"ﬂA/-1 ﬁ1-9\!"6W%n"ﬂA/B"8/B"T4u!#"54VÓ ÆÓ 
:(/-ZDﬁ):(1\!>P/-1&>>)9lZ ﬁ)"k7ﬁﬁ)12"k7C>-1ﬂﬁ)>9+"ﬂ$!ﬁ8/B9\!4ﬁ15"V/B"ﬂ(!1+s1"6ﬁ4d/-1/B:;?
\!-ﬂ"ﬂ4QJ, /I"/l>)ﬁW"6/-(1W"6ﬁ)ﬃ@1<4$-ﬁ{!9X"-,A"ﬂﬁ{3A1;"6ﬁ7ﬂﬁ)">P/-1@Z ﬁO/-ﬃ+ﬃ:(ﬁ'_YI"6ﬁ)1
"ﬂﬁuﬃ+ﬂ&>ﬁ'+9ﬂﬁuA/-:"ﬂ0/-1'Ö ﬀﬂﬁ)"ﬂ9ﬂ1+ﬁ'_JC*ﬃ+ﬂ&>ﬁ'+9ﬂﬁu:(ﬁP/B'0"ﬂ/B16487:9a
/-:\!!W"6+4Å,.-O3A1'1\/4u/IeX(4T9+4Í<
Êp

Ì)
?kﬃA/->V[]1\J
ﬁ0>!Wﬂﬁ)>)"61+ﬁﬂ¶-,"6ﬁﬀﬃWX>)ﬁ'9+ﬂﬁ0ﬂﬁ#"6¶!1C"6ﬁ<,.!::(%(1+\T(15$B/-ﬂ(/-15"6)J
;
`aﬁN"<Î^Z ﬁ@/-15t1X'+ﬁT(12ÖOJﬀﬁ11h=<lÎC7ﬁ>/-1ﬃWX'9+>ﬁ8/ﬃA/->V[]1\m
&
W9>V^"ﬂA/B"¶ÉÊ5Ë¬Ì?>A@5m
&
B'cÉÊ5Ë.mTOZ5trW9W"s/-:;"6ﬁW(1\*mµ"6+(1QhE /¶HC<ÎD
;
:ﬁ)"*ª /-1'ÎZ ﬁ/B1]t"k7q1&'ﬁ(1ÖOJQ`aﬁ)"Th
&
Z ﬁu"ﬂﬁd'+(\!ﬂ/-ﬃi-Z+"V/-1ﬁ'
,.W!4 h=Z5t
/-''1\@/-W>8Łª

ÎXpJﬁ1
1
h
&
7ﬁ<>P/-1
ﬃWX'9+>ﬁﬀ/TﬃA/->V[]1\Tm
&
W9>V^"ﬂA/B"¶ÉÊ5Ë¬ÌFEkm
&
G'xÉÊ5Ë.mTZ]t0rW9W"s/-:;"6ﬁW(1\Tmµ;"61
h
&
E /HAD
;
Ö /-1'H) /Bﬂﬁﬀ'(rW!(15" D
;
"ﬂﬁU"k7uﬁ)1'1&'ﬁ¶-,o/
Ê
(1mÈ/-Wﬁ<ﬁ;"6ﬁ)ZD-"ﬂ
(1:/y!Z -"ﬂQ-9+"6W('ﬁ /0J
k1u"6ﬁ¶3Aﬂ#">P/-Wﬁ-YX!1ﬁlB,a"6ﬁ)4È{1CÖ/-1'd"ﬂﬁlB"6ﬁ){(7ﬁ;"6ﬁ)71:)
Ò
!v(1
)ﬀ°FD
I
;,.- 
Ì 
C1xm 7ﬁA/P$!ﬁq"6+ﬂﬁﬁﬃ !Wﬂ(Z+(:(;"6ﬁÜﬁ"ﬂﬁ/-:(:"6Wﬁﬁ1&'ﬁ)
/-ﬂﬁ
-9+"6W('ﬁ /0YD!"6+ﬁ*"k7ﬁ1'+ﬃD!15"6U/Bﬂﬁ0(1Ö /B1'"6+ﬁ4('':ﬁ<1&'ﬁsZ -"6
1 )
Ò
/-1'd(1 )0°Y&!7-1ﬁsﬁ)1'ﬃ !(15"7(v(1ÖY5"ﬂﬁl-"ﬂﬁv(v1-"7(15/ /-1'"6ﬁ
4('+':(ﬁs1X'+ﬁ0ﬁ;"6ﬁ)¶1.)
Ò
!(1 )0°J
	

	 
   ﬁN" )
Ò
ÜÝ² )ﬀ°qÜ ²yÖ Ü ²Jﬁ0(15$B/-W·/-15"67"6ﬂ;$&·/-::t!:'_J
 ﬀﬂﬁﬃ! #"%$'&)(*$ﬃ+ #,-"%.
¹7t"6ﬁ8(15$B/-W·/-15"6)Y_{ﬁA/P$!ﬁu/-1M/-9\!4ﬁ15"6/B"6!1qﬁ1+ﬁ)$!ﬁ)!1+ﬁB,7"ﬂﬁ@,.!:(:1\
W"69/B"6!1O&>>)9J
ò
"k71X'+ﬁ(1^Ö/Bﬂﬁ0/-'Irﬂ/->)ﬁ15" D
F/1&'ﬁ0/(1Öx(U/B'Irﬂ/->ﬁ)15"l"6/d1&'ﬁ1Æ <G/¸(>Vqs"ﬂﬁﬁ)1'ﬃ !(15"UB,
/


Ê
1
m D
I
/1&'ﬁ0/(1Öx(U/B'Irﬂ/->ﬁ)15"l"6/d1&'ﬁ1Æ <G/¸(>Vqs"ﬂﬁﬁ)1'ﬃ !(15"UB,
/
Ì
1
m D
1
J
ò
"ﬂﬁWﬁUﬁNeXW"6O/-1C/-W>@2/
43
v+ﬁﬂﬁ5/76Ö/-1'
3
6 )0°
(v"6ﬁl4u'':(ﬁ¶1&'ﬁlB,
/
Ì
1
m D
1
J F "ﬂﬁWﬁUﬁNeXW"6O/-1C/-W>@
3%
/v+ﬁﬂﬁ5/76Ö/-1'
3
6 )
Ò
(v"6ﬁl4u'':(ﬁ¶1&'ﬁlB,
/
Ì
1
muJ
ﬁ¶6/B"ﬂ(!1/-:(ﬁ7ZDﬁ)(1'
I
/-1'
1
("6+ﬁ¶-1:t*(>V1ﬁﬁ)'vﬂ!4ﬁ{!W'uB,Sﬁpe+ﬃ+:·/I?
1A/I"6(-1_YB"ﬂUZDﬁ{ﬂﬁP/B'@/B,"6ﬁ)o"6+ﬁ{!:ﬁ{ﬃ>)"69+ﬂﬁ{B, "ﬂﬁO/B:(\!!W"ﬂ4´A/-Z ﬁﬁ)1@\5/B"ﬂﬁWﬁ'_J
ws>)"69/-:(:;t!Y%"6ﬁfﬂ/B"6!1A/-:ﬁZDﬁ)(1+'
I
/-1'
1
(aﬁWﬂﬁ)1]"ﬂ·/-::ts"6ﬁv6/-4ﬁ-YIﬁ)1>ﬁf{ﬁv>V&!ﬂﬁ
"ﬂTﬁNeXﬃ !ﬂﬁU;"7,.-
I
J`aﬁN"08
43

3%49
fZDﬁs"6ﬁ 
Ì
/-1'/-ﬂW94uﬁ8 7"ﬂﬁl1&'ﬁU-9+"6W('ﬁ
/¸/B1'/B'Irﬂ/->ﬁ)15"s"ﬂ:/!Jv,
3
/-1'
9
/-ﬂﬁ0/-:ﬂ8!9+"ﬂﬂ'ﬁ /*YA"ﬂﬁ1^1,.9+W"6+ﬁﬁNeXﬃ:(/-1A/I?
"ﬂ(!1CW!9:'QZ ﬁ<1ﬁ)ﬁ'ﬁ)'_J7wsﬂW94uﬁ<"ﬂﬁWﬁ),.!Wﬁ
3
(1.)/-1'
9
6ÖOJwl\!/-(1_YX,j/-4!1\
"ﬂﬁU4$-ﬁ{+(>VC:(ﬁ)'"6Tﬃ+9+";/U(1
Ö1@4%$!ﬁUZ/-ﬂﬁ)'C!1
9
6ÖO/BO1ﬁﬁ)'ﬁ'SY"6ﬁ)1
7ﬁ<>P/-1Q/->N"69A/B:(:tﬃWﬁ)"ﬂﬁ1'C"6/B"O"6+ﬁ<4u%$!ﬁU+(>V
ﬃ9+"
3
/-1'
9
1*/ /-O1ﬁN$!ﬁ&>N?
>)9ﬂWﬁ'_YD/-1'Q"6ﬁ*/-ﬂ\-94uﬁ)15"U/-Z %$!ﬁ/-ﬃﬃ:(ﬁ)J<l"6+ﬁWﬂﬁ0{ﬁ*A/P$!ﬁ*,.-91'q/>ﬂ>9+"
\!-(1\"ﬂﬂ!9+\!
3
/-1'2'(rW!(15"<,.ﬂ-4=A/B"*hE /
&
H{/-*/B"ﬀ"6ﬁ8W"ﬂﬁﬃ2(>V2ﬃ9+"
3
/-1+'
9
1,/ Z ﬁ>P/B9ﬂﬁ¶-,S/-1d/Bﬂ>0
3%
/
&
j;"6=/
&
6ÖOJ?>$!ﬁ1u, "6ﬁc
Ì@ 
f1]$-!:$-ﬁ'(15"6
"ﬂ(>)(ﬂ>)9"O>P/-1QﬃA/-#"6·/B:(:t@,Ł/B:(:S-9+"6W('ﬁﬀ-,"*.Z9+"¶/-:;O/Pt&ﬂﬁ)4d/-1"ﬂ(1QÆ </lNY
W(1>)ﬁ"ﬂﬁ>ﬂ>9+"fA/-fZ ﬁﬁ)1d!Z+"6/-(1+ﬁ'@"6W!9\!u/ﬀﬂﬁA]9ﬁ)1>ﬁs-,_:(/-Z ﬁ:(1\U4%$!ﬁv/-1+'
1
1T$Xﬁ) -, "6ﬁ{ﬂﬁ4u/-W[>-1>ﬁ)ﬂ11\<:·/-Z ﬁ:(1\s4u%$-ﬁf\!$-ﬁ1@1T"6ﬁ1ﬁpe&"7Wﬁ>N"6(-1_Y!{ﬁ
>)!1>:9'ﬁ0"6A/B"l"¶(l/-:{/Pt&lﬃ !ﬂW(Z:ﬁ0"ﬂdﬂﬁ/-ﬂﬂ/-1\!ﬁ0"61\!¶"6+(1
"6l>ﬂ>)9"¶(1
W9>V
/*{/%t"6*:(ﬁ/%$-ﬁUﬁNeXﬃ !ﬂﬁ)'C!1:;t81X'+ﬁ
3
!{-1:t81&'ﬁ) 8 /-1'
3
-,_"ﬂﬁU>)(ﬂ>)9"Y
:ﬁP/P$&(1\qﬃ+ﬂﬁ>)(Wﬁ:t2"6+ﬁC6/-4ﬁW"6/B"69+QŁﬁNeXﬃ !ﬂﬁ)' B1B"8ﬁNeXﬃD-ﬂﬁ'A*,.!T1&'ﬁ@-9+"6W('ﬁ
"ﬂ(>ﬂ>)9"J7¹79+""6ﬁ)1 /
&
Y¬/B,"ﬂﬁ"6+(ﬂﬁ/-ﬂﬂ/-1\!ﬁ)4uﬁ)1]"¶!9X"6ﬂ'ﬁ0hE /
&
HKY¬>)!9:('
A/P$-ﬁ
Z ﬁﬁ)1^>)$-ﬁWﬁ';"6C"6ﬁﬀﬁpeX"ﬂ6/µ
Ê

3%
/
&
O!O;"6C"6+ﬁ0ﬁpe&"66/µ
Ì
8
43
)
3%
/
&
pJ
  "
	(*$ﬃ+ #,-" . $ &"  (*$ &( ,$
`/-Z ﬁ:(1\04u%$-ﬁ{>)!4ﬁU/-Z !9+"vﬁ1
/01&'ﬁ5/U(1Öi({/-'Irﬂ/->)ﬁ15"{"ﬂT/1&'ﬁ¶ÊC"6
>)ﬁW"6/-(1
ﬃW!ﬃ ﬁW"ﬂ(ﬁ)Jﬁ)ﬂﬁﬃ+ﬂ!ﬃ ﬁ#"6(ﬁ)/-ﬂﬁ<"ﬂﬁﬀﬃﬂﬁ)>!1'+"6!1O,.!O"ﬂﬁﬀ4u%$-ﬁ-JLiﬁ
/-Wﬂ94ﬁ2/

ÊDU"6Z ﬁ8"6ﬁu/-ﬂ>8>VM"6W(\!\-ﬁﬂﬁ)'2"ﬂﬁd4%$!ﬁBYoﬂ1>ﬁ8"6+ﬁd/-W\!94ﬁ15"6
Wﬁ4u/-(1
"6ﬁ*6/-4ﬁ0,!1+ﬁﬂﬁN$!ﬁ)ﬂﬂﬁ)U"6ﬁ*'(Wﬁ>N"6(-1^-,v/B:(:/-W>l15$!!:;$!ﬁ'q/-1'q#O/-ﬃ+
Z ﬁ)"k7ﬁﬁ)1 )
Ò
/-1'H)0°J >ﬂWﬁ15"6(/-:(:;t!Y+"ﬂﬁWﬁ0!1:;t!1ﬁﬀﬃ !ﬂW(Z:ﬁ<:·/-Z ﬁ:(1\4u%$!ﬁBJ
 


 


 
76VV¢I¦ -~©~K¢I¦vÊﬀ6+)/B1' 8

ÊD¶/È
Ê
(1CmÈ!Êﬀ6+)0°/-1+'8

ÊD).Ê
43
(
/


Ì
(1CmuJ
ﬁ
N©~K¢I¦ 8d(ﬃ9X"s15"6uÖ/-1+'QÊ(ﬃ9+"¶1]"ﬂ )0°J
ﬂ
¢Iz@zdN¦Aﬀﬃ"7(vﬁP/BWt"6>V+ﬁ>V[u"ﬂA/B"v"6ﬁ¶3Aﬂ#"O1]$B/-W·/-15"v(v4u/-(15"V/B(1ﬁ)'_Joﬁ
Wﬁ>-1' (15$B/-W·/-15"@,.!@"6+ﬁQ"k71&'ﬁ /q/-1' 8i,.!::(%@'(Wﬁ>N"6:t,.W!4"ﬂﬁQ3ﬂW"
1]$B/-W·/-15"¶!1 /5J*.k1"6ﬁ*>P/-Wﬁ*ﬁ)1 8

ÊD(s/ 
Ê
(1QmdY >!1+ﬂ('+ﬁs"ﬂA/B"s(1^ﬁ)$!ﬁ)Wt
!W(ﬁ)1]"6/B"6!1T-, "!f"6+ﬁﬂﬁ/´
Ì
J *ﬁﬂﬁ)>!1'u(15$B/-ﬂ(/-15",.!?8/-1'/-1-"ﬂﬁ1+X'ﬁ
#
6Ö,.-:(:(%o,.W!4¸"6ﬁWﬁ>-1'u15$-/Bﬂ·/B1]""6Wﬁ:;,A,.! /s/B1'
#
Y)rW9W"fﬁpe+ﬃ+:(!;"6(1+\82/

ÊD
/-1+'8"ﬂﬁs/-ﬂ>/-'+'ﬁ'ZDﬁN"k{ﬁ)ﬁ1 8/-1'
#
Z9X"7'+(ﬂ>/-ﬂ'+(1\u8

ÊDo"ﬂ0ﬁ)4T9:(/B"6ﬁO"ﬂﬁﬁ%$Dﬁ>)"
-,o/-1Q/-W>0Z ﬁ)"k7ﬁﬁ)1 /*/B1'
#
Jws:(:_B"6ﬁ)¶15$-/Bﬂ·/B1]"ﬂ/-ﬂﬁU"ﬂﬂ;$X(/-:(:;t4d/-15"V/-1ﬁ'_J
&Nz|-6Ã'1@"6ﬁ¶>P/-Wﬁ¶+ﬁ1uÊ(fﬃ9+"v(15"ﬂ )0°aY]"ﬂﬁ1d/-ﬂ>)U/

ÊD/-1'8

ÊDf/-ﬂﬁ
ÐN¢I¡@'ﬂﬁ)>)"6ﬁ)'^"ﬂ{/-W'sÊJOk1Q"6ﬁ0>P/Bﬂﬁ*+ﬁ1Êﬃ9+"s(15"6 )
Ò
YA"6+ﬁ1/-W>.Ê

/
/-1+'iÊ

8&/-ﬂﬁuÐN¢I¡Tﬁpe+;"61\@ÊJ
B 
 %
 




wO"o"ﬂﬁW4u1A/B"6!1_Y,+1</-9+\!4uﬁ)15"V/B"ﬂ(!10A/-jX>)>9Wﬂﬁ'SY-"6ﬁ)1"6+ﬁ7,.!::(%(1\ﬃW!ﬃX?
ﬁ)W"6ﬁ'!:'_J
;
Ö (/-1Q(1+'ﬁﬃ ﬁ1'+ﬁ15"¶ﬂﬁ)"s-,j1&'ﬁ*ŁB"6ﬁ)W(Wﬁ
ﬁ
!§-zdN¦A)(M¢ -+*%D
;
Ñ^ÒKÖf{/B1'QÑ
°
©Öv7/-ﬂﬁ<Z -"6C>)!15"V/-1ﬁ'
1]"ﬂ,)y²/ <Ö .-"6ﬁ)Wﬂﬁ
ﬁ
-§-Ï
zdN¦AŁ~¦&§(2¢ --,-
I
-
1
!/._|5ÐN
¥
~¦&§(2¢ -ﬂNJ
0
 !1W('ﬁ)"6/-ﬂWX>)·/B"ﬂﬁU"6ﬁ)$-ﬁWt
1+!1X?kﬁpeXﬃD!Wﬁ'^1X'+ﬁ /ﬀ(1^Ö "ﬂA/B"1&'ﬁ<>V
{/-lﬃ+9+"l1 )
Ò
!(1 )0°/I"¶"ﬂﬁ06/-4ﬁ*#"6ﬁ)ﬃﬁ1 /*O/-¶ﬃ9+"l(15"6dÖOJOﬁ*4u1X?
4u/Ie@>V/-6/->N"6ﬁ)ﬂ/B"6!1@,.!:(:%Z5t8!Zﬂﬁ)W$&(1+\0"ﬂA/B"f"6,.91>N"6(-1u!15"6)TY5(f1-"
'ﬁN3A1ﬁ)'!18"6ﬁ¶ﬁNeXﬃ !ﬂﬁ)'1&'ﬁ)Y+/-1+',.!fﬁN$!ﬁ#t1X'+ﬁsÎT1 )
Ò 
)0°u"6ﬁ)ﬂﬁs/-ﬂﬁ"k7
'W"ﬂ(1>N"1X'+ﬁ(15"6uÖ(>V^/-ﬂﬁﬀ4u/-ﬃﬃ ﬁ'
(15"ﬂÎ¬J
  ﬀ "
 ﬁ &)( ,!$ &, 5()&)( &"   &5(*$ﬃ
k1x"ﬂ(ﬂﬁ)>)"ﬂ(!1_YO7ﬁqﬃW!ﬃ !ﬂﬁ/Mﬂ+!W"ﬂﬁW!:(9+"ﬂ(!1 "6+ﬂ!9\-c/MWﬁ'9>N"6!1x"62"6ﬁ
ZﬃA/-#"6"ﬂﬁ*4u/B"ﬂ>V(1\dﬃﬂ!Z+:(ﬁ4QJ<</-:(WC/-::(%s,.!l/:487	 9as/-:(\!-ﬂ"ﬂ4 /-1+'
,.!*4u-ﬂﬁd>)!15$!ﬁ)1(ﬁ)1]"8'+ﬁﬂ;$B/B"6!1B,ﬃD!W"ﬂ$!ﬁuﬂﬁ)ﬂ9:;"6,.!0{ﬁ)(\!5"ﬂﬁ'$!ﬁ)ﬂW(!1@B,
!9+ﬃA/->V[](1\ﬃW!Z:(ﬁ)4^J
`aﬁ)"h ZDﬁ/M'\!6/Bﬃ;"6x$-ﬁW"ﬂﬁNe ﬂﬁ)"CÆ/-1' /-ﬂ>^ﬂﬁ)"
Ç
J Liﬁ^'ﬁ)3A1+ﬁ"6ﬁ
Ð~  +|-pŁ~¤<§-W|N A¡
 | ﬂ%¢%N~Ł|-kﬂ~.¡Ch ŁW!4uﬁN"64uﬁ)s'ﬁ)1-"ﬂﬁ'Z5t
µ²
dŁhﬂpYS/-
,.!::(%Ü`aﬁN"fÆ
Ò

Æ /-1+'8Æ
°
Z ﬁ7"ﬂﬂﬁ)ﬁ{'W"61>)"j>-ﬃ(ﬁ)o-,DÆ8Y-"ﬂª
Ò
6Æ
Ò

ª6
Æ

Y/-1'
ª
°
6Æ
°
'ﬁ)1-"ﬂ(1\T"ﬂﬁU$!ﬁ)W"6>ﬁ)¶>)!ﬂWﬁWﬃD!1+'(1\T"ﬂ@ª 6Æ Wﬁﬂﬃ ﬁ>N"6;$!ﬁ:;t!J
`aﬁ)"Ò²ª ÒDÎ

Ü+ª¬Î 6
Ç0
/-1'	
°
²ª

Î
°
Ü+ª¬Î 6
Ç0
Js+ﬁ\!ﬂ/-ﬃ
µA/-
"ﬂﬁ$-ﬁ#"6ﬁNeiﬂﬁN" ² Æ
Ò
-
Æ
-
Æ
°
/-1'M"ﬂﬁdﬁ)'\!ﬁﬂﬁN"Í²
Ò
-

°
JC¶-"6ﬁ
"ﬂA/B"
nU(1+'ﬁﬁ)'M/CZﬃA/-#"6"ﬂﬁ\!ﬂ/-ﬃq;"6Z(ﬃ/-W"ﬂ"6!1Æ


Æ*Ò
-
Æ
°
J*LMﬁ@ﬂA/B:(:
'ﬁ)ﬂ>)ﬂ(Z ﬁﬀ/@>!Wﬂﬁ)ﬂﬃ !1'ﬁ)1>ﬁ0ZDﬁN"k{ﬁ)ﬁ1^ﬂﬁ)"ﬂ-,j$-ﬁ#"6(>)ﬁ(1
h "ﬂA/B">/-1
ZDﬁﬀ>%$-ﬁﬂﬁ)'
Z5t*ﬃA/->V[](1\--, hiY5/-1+'@ﬂﬁ)"ﬂ-,¬$!ﬁ)W"ﬂ(>ﬁ)(18Æ

"6A/I">P/-1@Z ﬁO>)$-ﬁWﬁ'Z]t*4u/B"6>V1\!
-,
8J

 6

ﬀ
 
.Nﬁ
 ÐN*¡AÐ~  +|-pŁ~¤<§-W|N A¡| ﬂ%¢%N~Ł|-kﬂ~.¡|Q-~;§-ﬂ|N A¡dh ﬃﬂ¢I
-NpÙT +|&VÃI~¦&§m ¢¤£ﬀh ¶¡ANVCW}!~Nﬀu|^z|-kV¡&~¦&§! ¢¤£"
 NAV¡¡+|-7ª 6cÆ ~
V¢ -N6ﬂÐÙﬀm=~ £*|-¦ C¢I¦
¥
Ùu~ £ª

~@V¢ -N6ﬂÐÙﬃ! 
#
 
 
$&%
×A!lﬁ/->V/-ﬂ>ª ÎC>V,.!ﬂ4U/n
Ê
(1muYS7ﬁ@ﬃ9+"<1 ! "6ﬁTﬁ)'\!ﬁ)
ª
Ò
Î'</-1+'ªWÎ
°
J<×A!lﬁ/->VﬃA/-(s-,v/-W>Uª¬Î

Î)(+(>Vq,.!W4 / 
Ì
(1muYS7ﬁTﬃ9+"
1	! "6+ﬁ0ﬁ)'\!ﬁ)sª ÒDÎ

YAª

Î
°
Y/-1'QÎXÒ(

J

 6

ﬀ

.Nﬁ
 ÐN*¡AÐ~  +|-pŁ~¤<§-W|N A¡| ﬂ%¢%N~Ł|-kﬂ~.¡|Q-~;§-ﬂ|N A¡dh ﬃﬂ¢I
-NpÙ
z|-¤V¡&~¦&§*! ¢¤£
+l¡AN6CW}!~N8|8 +|&VÃI~¦&§8m ¢¤£ﬀh NAV¡¡+|-7ª 6cÆ ~
V¢ -N6ﬂÐÙﬀm,o¡AN¦S-Nª~V¢ -NVﬂdÐÙ+! 
#
 
 
$&%
>$!ﬁ)Wt@1-1]"ﬂﬂ;$X(/-:+'+(ﬂﬁ)>)"ﬂﬁ'8ﬃA/B"ﬂ->)t&>:ﬁ¶/-'4"6o/<ﬃDﬁ)W,.ﬁ>N"<
Êp

Ì
?
ﬃA/B>V[&1\ D+"ﬂ]9YA;"Oﬂ9.-u>)ﬁ"6@3A1+'
/8ﬃ/->V[](1\@-,jh Z5t'+(ﬂﬁ)>)"ﬂﬁ'
ﬃA/B"ﬂ/-1'
>)t&>):(ﬁ
>)$-ﬁW(1\d"ﬂﬁ*/-ﬃﬃW!ﬃﬂ(/B"6ﬁﬀ$!ﬁ)W"ﬂ(>ﬁ)J0/s%7ﬁ)$!ﬁ)YS"ﬂﬁW9Z\!ﬂ/-ﬃqB,h +(>Vq1A/I"69X?
ﬂ/-:(:;tﬀ>!WﬂﬁWﬃD-1'"6! 4u/Pt>)!15"V/-1T$!ﬁ#"6>ﬁ1>'ﬁ15";"6T"ﬂﬂﬁ)ﬁ/-ﬂ>)Ł!1+ﬁ/-ﬂ>
1
,.!jﬁP/->V8-,¬ª
°
Y!ªY!ª Ò NJj]9Y57ﬁﬂA/-::Xﬃ+ﬂ&>ﬁW ! "6U,.!W4/l1ﬁ)4u/B"6>V1\! &
>)$-ﬁW(1\0"6ﬁ¶6/-4ﬁ$!ﬁ#"6>ﬁ7-,Æ{/- ! YXZ9+"v(>Vu>!WﬂﬁWﬃD-1'7"ﬂ/0>!::(ﬁ)>)"6!1
-,j'ﬂﬁ>N"6ﬁ)'^ﬃA/I"6¶/-1'Q>)t&>):(ﬁ1^hMJ
 
!1W('ﬁ)"6ﬁZ+(ﬃA/-#"6;"6ﬁ\-6/-ﬃ !1c"6ﬁq$-ﬁ#"6ﬁNecﬂﬁ)"^Æ*Ò
-
Æ
°
Y"ﬂ "6ﬁ
ﬁ)'\!ﬁ¶ª ÒDÎ
°
,.!/-:(:_/-ﬂ>)sª¬ÎdB,hiJ
 
!1+ﬂ('+ﬁ"6ﬁﬀ4u/B"6>V1\ !
Ê
Ü ² !
 
ÒjÜ7Z5t
Wﬁﬃ:(/->1\8ﬁP/->V/-W"ﬂﬁﬂﬂ[;"6^/ﬃ:9*Ł1
"ﬂﬁ0ﬂ9ﬃ ﬁWﬂ>W(ﬃ+"ﬂVpY 7ﬁ*>/-1
$Xﬁ) !
Ê
"6
Z ﬁ8/C4d/B"ﬂ>V(1+\C-,8J  4u:·/-W:t-Y¬7ﬁ>P/-1$&(ﬁN !
Ì
Ü ² !
 

°
/B*/C4u/B"6>V+(1\
-, Z5tWﬁﬃ:(/->1\^/-:(:7/-W"ﬂﬁW(ﬂ[];"6/^4u1&9+*W(\!1_Js-"ﬂﬁd"6/B"TÎ'>%$-ﬁﬂﬁ)'
Z5t ! ,/-1+'!1:;tM;,Î
°
(*>%$!ﬁ)ﬂﬁ)' Z5t !
Ê
!*ÎXÒ(>)%$!ﬁWﬁ' Z5t !
Ì
Jq¹7t2"6ﬁ
U9:4d/B\!ﬁN?^ﬁ1'+ﬁ:(W!1"6ﬁ)!ﬂﬁ)4 E	BH©Yo7ﬁd>/-1i3A1'cŁ(1M:(1ﬁP/-U"ﬂ(4ﬁ%ﬀ/^4u/B"6>V+(1\
!
&
(1
(>Vq>)%$!ﬁW</-::_$!ﬁ#"6>ﬁs-,fÆ*ÒM>%$-ﬁﬂﬁ)'Z5t !
Ê
/-1'/-:(Wd/-::_$!ﬁ)W"6>ﬁ)
-,7Æ
°
>%$!ﬁ)ﬂﬁ'2Z5t!
Ì
J0"6+(l4u/B"ﬂ>V(1\!
&
(1µ"6+ﬁﬂﬁ@>)!ﬂWﬁWﬃD!1+'<(1h/
Wﬁ)"<-,'(rW!(15"s'(Wﬁ>)"ﬂﬁ'qﬃ/B"6U/-1'q>NtX>):(ﬁ)Y_>)$-ﬁW(1\C/$!ﬁ#"6ﬁpeÎﬁ)1ﬁ)$-ﬁﬀÎ  (
>)$-ﬁWﬁ'Z5t ! J
ﬁ>P/B:(:a"6A/I"s"ﬂﬁ*W)ﬁ-,/uﬃA/->V[]1\d-,h ("ﬂﬁ1]94TZ ﬁ¶-,>)%$!ﬁWﬁ'q$-ﬁW"ﬂ(>)ﬁJ
L³:(ﬁd"ﬂﬁ
ﬂ ﬁC-,l/4d/B"ﬂ>V(1+\-,0
=(T,.!W4d/B:(:t"ﬂﬁ
1]94TZ ﬁ8-,@ﬂ%§&ﬂT1"6ﬁ
4u/B"6>V+(1\YA7ﬁ1B"6ﬁ*"ﬂA/B"¶"6sﬁA]9A/-:("6+ﬁ1]94TZ ﬁs-,$!ﬁ)W"ﬂ(>ﬁ)l1Æ

>%$!ﬁ)ﬂﬁ'Z5t
"ﬂﬁﬀ4d/B"ﬂ>V(1+\J
	



 .N
 ÐN¡AMÐ~  +|-p©~k^§-W|N A¡ | ﬂ%¢%N~Ł|-kﬂ ~¡ | -~;§-W|N A¡ h6
_¡AN¦ ¡A:N~I¢¤£Q|iz|P}!~z@&z  +|&VÃI~¦&§ ¢¤£h +|
¥

¡A:N~I¢¤£^|iz|P}!~z@Xz
z|-kV¡&~¦&§
¢¤£ 
  
ﬁ)ﬂﬁ ﬂﬁW9:"ﬂ."6-\!ﬁ)"ﬂﬁq;"6´"6ﬁ ZﬃA/-#"6"ﬂﬁi4u/B"6>V+(1\³/-:\!!W"6+4 /-1+' /
:(1ﬁ/-#?K"6(4ﬁ/-:(\-!ﬂ;"64 (1+ﬁWﬁ15"(1"6+ﬁU9:(4u/-\!ﬁp?^ﬁ)1'ﬁ:ﬂ!+1"6ﬁ)!ﬂﬁ)40t&ﬁ:('
/@ﬃ !:t&1!4·/B: "ﬂ(4ﬁ</-:(\-!ﬂ;"64Å"6@3A1'^/@4d/e+4T94 ﬃA/->V[](1\+J
LMﬁ0Wﬁ4u/-ﬂ["6ﬁ0/-Z %$!ﬁ<"6+ﬁ!Wﬁ4 /-:ﬂ@\!;$!ﬁ¶/-1Q/-:;"6ﬁ)ﬂ1A/B"ﬂ$-ﬁ<'ﬁW$B/B"6!1C-,j!9
4(1X?4d/e<,.!ﬂ49:·/+Jﬂ$&(/-:(:;t!Y%,.!Ö Æ

Y)! (::]:(ﬁP/P$-ﬁ/B":ﬁP/-#"UÓ ÖlÓŁßqÓÞÑ^ÒKÖfÓŁß
Ó Ñ
°
©Öv%Óp$!ﬁ#"6>ﬁjﬁNeXﬃ !ﬂﬁ)'T(1Æ

Jos-"ﬂﬁf"ﬂA/B""6a,.9:(:;t<>!Wﬂﬁ)ﬂﬃ !1'"6¶'ﬁ)3A>)(ﬁ)1>)t
1T"6ﬁ'\!6/Bﬃ8hiJQ!ﬂﬁ)$-ﬁ)YXZ5t /s/-:(:
 
"6ﬁ)!ﬂﬁ)4 ,.!ZﬃA/-#"6"ﬂﬁ{\!ﬂ/-ﬃ)Y5{ﬁ[]1%
"ﬂA/B"l+ﬁ1ﬀ! (l/4d/IeX4T94 4u/B"6>V1\Y¬"6ﬁ)ﬂﬁ@ﬁpe+W"ﬂ</dﬂﬁN"ﬀ-,$!ﬁ)W"ﬂ(>ﬁ)0Öx"6
ﬁpe/B>)"6:;t
Ú
ÉÛKÖf{ﬁpe+ﬃ !Wﬁ'^$-ﬁ#"6(>)ﬁ)J
  , 	ﬁﬀ "  	  ,!$.( 5"  &)(*,$.
¶-"6ﬁ"6/B"C"6ﬁ>)!15$!ﬁNe ]9::U-,0"6!WﬁM1+X'ﬁW9ZWﬁ)"6Q(>V /-Wﬁ2>)%$!ﬁWﬁ' Z]t /
<
Êp

Ì)
?kﬃA/->V[]1\
(<ﬃWﬁ>ﬂﬁ):t"ﬂﬁ86/-4ﬁ@ﬃ !:t]"6-ﬃDﬁ8/-U"ﬂﬁ8>!15$-ﬁNeM]9:(:B,7"ﬂ!ﬂﬁ
1&'ﬁ0ﬂ9Z+ﬂﬁ)"ﬂl>V/-ﬂﬁ0>%$-ﬁﬂﬁ)'Z5t/ﬃA/->V[](1+\d-,'+(ﬂﬁ)>)"ﬂﬁ'qﬃA/I"6)Jﬁ>)!15$!ﬁNe
ﬂ
]9::KYv/-1' (1'+ﬁﬁ' "6+ﬁ
$-ﬁ#t ,Ł/B4u:t2-,s>%$!ﬁ)6/-Z:ﬁ^1+X'ﬁ
W9ZﬂﬁN"6)Y{{-9:(' W"ﬂ(:(:7ZDﬁ
"ﬂﬁ86/-4ﬁ@ﬁ)$-ﬁ1i;,77ﬁ>!1W('ﬁ)ﬂﬁ)'MﬃA/B>V[&1\!ﬀ-,7'(Wﬁ>N"6ﬁ'2ﬃA/B"ﬂ0/-1'2>)t&>:ﬁ)Juﬁ
ﬁA&9+$B/-:(ﬁ)1>ﬁ*/-4!1\@"6+ﬁ*"6+ﬂﬁﬁ0ﬃ !:t]"6-ﬃDﬁ)s#"6(::_!:'ﬁ17ﬁT/Bﬂﬁﬀ(15"6ﬁ)ﬂﬁ)W"6ﬁ)'q(1
4u/IeX(4T9+4 Wﬁﬀ1&'ﬁﬀﬂ9+ZﬂﬁN"6(>VQ>P/-1QZ ﬁ0>)%$!ﬁWﬁ'^Z]tQ/@ﬃA/B>V[&1\J
,A7ﬁ/-ﬂﬁ7(15"6ﬁ)ﬂﬁ)W"6ﬁ)'@(1"ﬂﬁWﬁ{"k7<ﬃD!:;t]"6!ﬃ ﬁ)YB"6+ﬁ1T"6+ﬁ{ﬂﬁ)'9>N"6(-1"6UZ+(ﬃA/-#"6;"6ﬁ
4u/B"6>V+(1\
/-:ﬂﬁ/-'+tqﬃ+ﬂ%$&('ﬁ)/Cﬂ-:(9+"ﬂ(!1_J"0,.-:(:(%U1'ﬁ)ﬁ',.ﬂ!4="ﬂﬁ8ﬂﬁ)'9>)"ﬂ(!1
"ﬂZﬃA/-W"ﬂ"ﬂﬁ¶4u/B"ﬂ>V(1\0"6A/I"7"ﬂﬁU4u/IeX(4u/-:ﬂﬁN"6OB,a1&'ﬁ{+(>VC/-Wﬁl>)$-ﬁWﬁ'CZ5t/
ﬃA/B>V[&1\.7ﬁ>P/B:(:+W9>Vu/UﬃA/->V[](1\@z|P}!~z| ¥ V¢ -Np~¦&§%(1*"6ﬁ!W(\!1A/-:]'\!6/-ﬃ+8/-ﬂﬁ
ﬃWﬁ>)(ﬂﬁ):t"ﬂﬁ04d/IeX4d/-:Dﬂ9Z+ﬂﬁ)"ﬂU-,Æ  +(>V>/-1QZDﬁ0>%$!ﬁ)ﬂﬁ)'qZ5tQ/4u/B"6>V+(1\8(1
"ﬂﬁUZﬃA/-W"ﬂ"ﬂﬁs\!ﬂ/-ﬃ>)!1W('ﬁ)ﬂﬁ'CZ5t"6ﬁlﬂﬁ'+9>)"ﬂ(!1_J Q!ﬂﬁ)$-ﬁ)Y\!$-ﬁ1
/Z+(ﬃA/-#"6;"6ﬁ
\!ﬂ/-ﬃ !1x>)!:(-@>:·/Bﬂﬂﬁ) /-1+'cÆYv"6ﬁQﬂ9+ZﬂﬁN"6-,l1&'ﬁ(1 (>Vx>P/-1 ZDﬁ
4u/B"6>V+ﬁ'"ﬂ1&'ﬁU1®/Bﬂﬁ[]1%1"6dZDﬁ0"6ﬁ*(1'ﬁ)ﬃDﬁ)1'ﬁ)1]"ﬀWﬁ)"ﬂU-,v/d4u/B"6W!('SJ
/¶ﬁ1>)ﬁ-Yf{ﬁ
>-9:(' /B"{!WW"ﬂﬁ):tM!1"6ﬁCﬁpeXﬃD!1+ﬁ15"6(/-:OZ9+"/B:(\!!W"ﬂ4u>P/-::tQ{ﬁ):(:
Z ﬁA/P$-ﬁ'dﬃ !:;tX+ﬁ'ﬂ/-:'ﬁ)ﬂ>W(ﬃ+"ﬂ(!18,.!"ﬂﬁZA/-ﬂ-,S/ﬀ4u/B"ﬂﬂ!'@\!$-ﬁ1Z]t >f'+4u!1+'J
wsT/^>)!1WﬁA]9ﬁ1+>ﬁ-Yf7ﬁ>P/-123A1'4u/IeX(4T9+4 >!#"TﬃA/B>V[&1\!.ﬁN"6ﬁ)d<
Êp

Ì
?
ﬃA/B>V[&1\!)Yv-ﬃA/->V[]1\!@-,'ﬂﬁ)>)"6ﬁ)' ﬃA/B"6+Yf!ﬃ/->V[](1\!@B,s'+(ﬂﬁ)>)"ﬂﬁ'ﬃA/B"ﬂ@/-1+'
'ﬂﬁ)>)"6ﬁ)'>)t&>:ﬁ6NJUL³ﬁ)1q"6ﬁT>)!W"ﬂ</-WﬁT1!11ﬁ)\5/B"ﬂ$!ﬁBYD"ﬂﬁ1q"ﬂﬁT4u/IeX(4T94 >)!W"
ﬃA/B>V[&1\!O-Z+"V/-1ﬁ':(: /-:ﬂTZ ﬁTz|P}!~z@&zÍV¢ -Np~¦&§s(1u"6ﬁ<Wﬁ1WﬁU"6A/B"{"6ﬁNtd(::
>)$-ﬁ4u/IeX(4T9+4ÈWﬁ)"ﬂ-,1X'+ﬁY+ﬂ(1+>ﬁU"6+ﬁUZA/-W(O-,j/T4u/B"6W!('d/-:(: A/P$!ﬁU"ﬂﬁ<6/B4uﬁ
>/-ﬂ'1A/-:"kt!J<k1ﬃ+6/->N"6(>)ﬁ-Y_"ﬂ3A1'4d/e+4T94 >-W"ﬀﬃA/->V[]1\!l7ﬁ8>P/-1ﬁpe+ﬃ+:(!;"<!9
Wﬁ'9>N"6!1"6uZ(ﬃ/-W"ﬂ"6ﬁ04u/B"6>V1\u/-1'rW9#"UW!:$-ﬁ@/u4u/IeX(4T9+4®{ﬁ)(\!5"UZ+(ﬃA/-#"6;"6ﬁ
4u/B"6>V+(1\QﬁWﬁd"6ﬁ{ﬁ)(\!5"-,"6ﬁuﬁ'\-ﬁT*1ﬁW"ﬂﬁ'i,.W!4 "6ﬁu>!#"6T-1i"6ﬁ
1&'ﬁ)Jfl/B4uﬁ):t!Y]/B:(:Aﬁ'+\!ﬁ7(1>)('ﬁ)1]"f;"6dÎ

6Æ

ﬂﬁ)>ﬁ;$!ﬁ¶"6ﬁs>!#"{-,SÎ

/-f"6ﬁ)(
7ﬁ\!5"PJv¹7t
/-'+'(1\8/8ﬂ9+"V/BZ:tuZ(\8>)!1W"6/-15""68"6ﬁ<>)!W"¶-,oﬁ)$!ﬁ)Wt
1&'ﬁBY{ﬁﬀ>P/B1
/-:ﬂ3A1+'M4(14T94Í>!#"04d/IeX4T94Í>%$!ﬁ)ﬂ(1+\^ﬃA/B>V[&1\!)J/B"ﬀ()Y7ﬁ8A/P$!ﬁ8"6ﬁ
ﬃ !:t&ﬁ)'6/B:_'ﬁW>W(ﬃ+"ﬂ(!1
-,"6ﬁﬀ>)!15$!ﬁNe^]9::_-,4u/IeX(494 >)%$!ﬁW(1\ﬃA/->V[]1\!J
L³A/B"%{ﬁN$!ﬁ);,O7ﬁdO/B1]"ﬂﬁ'"6A/P$!ﬁ>)!W"ﬂ@!1i"6+ﬁ/-W> /sﬁ)ﬂﬁd"ﬂﬁd"6+ﬂﬁﬁ
ﬃW!Z:ﬁ4^/Bﬂﬁ21-"^/-15t :(!1\-ﬁC"6ﬁ26/B4uﬁ2ﬃﬂ-Z:(ﬁ)4 /-1' {ﬁM4T9W"^'W"61\!9ﬂ
Z ﬁ)"k7ﬁﬁ)14d/e+4T94U
Êp

Ì
?kﬃA/B>V[&1\!)Yj4u/IeX(4T9+4=ﬃA/->V[]1\-,{'(Wﬁ>N"6ﬁ'MﬃA/B"ﬂY
/-1+'Q4u/IeX(494nﬃA/B>V[&1\!-,j'(Wﬁ>N"6ﬁ'QﬃA/B"ﬂ¶/-1'Q>)t&>:ﬁ)J
k1"6+ﬁd,.!:(:%(1\Qﬂ9Z+ﬂﬁ>N"6!1_Y{ﬁdﬂ%È"6A/B"*3A1'1\/4u/IeX(4T9+4Ä>%$!ﬁ)ﬂ(1+\
<
Êp

Ì)
?kﬃA/->V[]1\U-, 4u/IeX(4T94´>)!W"s.>!#"!1T"ﬂﬁ/-ﬂ>)Vjs?A/-W'_J4d/B[-ﬁ
;"d91+:(([Bﬁ:;t "ﬂi3A1'³/ﬃ !:;tX+ﬁ'ﬂ/-:s'+ﬁﬂ>)ﬂﬃ+"6!1x,.!"6ﬁqﬃ !:;t&"ﬂ!ﬃ ﬁ-,ﬀ4u/IeX(4T9+4
<
Êp

Ì)
?kﬃA/->V[]1\J(/B:(ﬂ1'>P/B"ﬂﬁS5t<ﬃ !W"#?kﬃWX>)ﬁWﬂ(1+\ ^ﬁ1+'ﬁ:ﬂ!1&?U9:4d/-\-ﬁ%
{/-U/B>)"69/-:(:;tC1ﬁﬁ)'ﬁ'(1-9sWﬁ'9+>)"6!1)Jk1

9ZWﬁ>N"6(-1
I
J
1
YA{ﬁ0(:(:a\-$!ﬁ0ﬂ-4uﬁ
ﬃ !ﬂ;"6;$!ﬁ<ﬃ !:t&ﬁ)'6/-:SﬂﬁW9:"ﬂ,.!ﬃA/->V[](1+\!-,o'+(ﬂﬁ)>)"ﬂﬁ'QﬃA/B"6+s/B1'^>)(W>9;"6J

   " ﬃ  &)( -!"  , 	ﬁﬀ0"  	"" .)ﬁ 	 &).
k10"6W9ZWﬁ>)"ﬂ(!1SYB7ﬁ7(::!ﬂ+"ﬂﬁ7lo?k>)!4uﬃ+:(ﬁ)"ﬂﬁ1ﬁ)ﬂ-,+"ﬂﬁf,.!:(:1\'ﬁ)>(W(!1
ﬃW!Z:ﬁ4J
# 
     ~ﬀ-N¦i|* 
¥ |-¦ |-T-~;§-W|N A¡ ~.¡
	 *^V¢ N88¢I¦¡A8|-6ﬂT|-¦ 
|-¦
~¦AkK§&N¨ f&¢%ﬂ<¡AN6*W}!~Nﬀ0|@z|P}!~z@Xz´ +|&VÃI~¦&§Um ~¦ N¬V¡d¡+|-v¡A NXz ¢¤£
¡A@V¢ N8¢I¦.¡A|-6ﬂﬀ~¦m ~|- ¥ ﬂ| Nj¨
`aﬁ)"  Z ﬁ/ Z X!:ﬁP/-1 ,.!ﬂ4T9+:·/1y>-1IrW91>N"6$-ﬁ1!W4d/-:ﬀ,.!W4^J `aﬁ)" ²
%Ê
Êp­P­P­
Ê

Z ﬁO"6ﬁWﬁ)"f-,¬$B/-ﬂ(/-Z:ﬁ/B1'¸²¸
9GÊNP­P­P­N49s
Z ﬁ{"6+ﬁﬂﬁ)"fB,D>):·/-9+ﬂﬁ
1 uJ
 
!1ﬂ'ﬁ<"ﬂﬁ8Z(ﬃA/BW"6;"6ﬁT\-6/-ﬃ 
x²Í

5D pYa"6>)!:(!l>:·/Bﬂﬂﬁ)
/-1+'Yo/-1'i;"6ﬁ)'\!ﬁWﬁ)"+ ²=%Ê
9
Ü$B/-W·/-Z+:(ﬁlÊX>)>9W¶1
>:·/B9ﬂﬁ
9%
Jﬁ
Z X-:(ﬁP/B1,.!ﬂ49:·/  <>P/-::(ﬁ'  ¥ |-¦ |-ﬁ)1 
 <ﬃ:·/B1A/-J*k1E

H©Y`a(>V5"6ﬁ)1W"ﬂﬁ1
W%{ﬁ)'^"6/B"sfW!Z:ﬁ4
ò
(so?k>-4uﬃ:ﬁ)"ﬂﬁ-J
#



 ﬀ
# ﬂﬁﬃ ﬁ"! $#%ﬁ
&'
~ﬀ-N¦c| 
¥
|-¦ |-CÐN¢%¢
¥
ﬂ|-¦C£P¢Ipz@
¥
| 0~ 
|-Ł~.Ø7|5Ð
¥
(
^!Wﬁ%$!ﬁ)Y!"ﬂﬁO!Z5$&(!9+oﬂﬁ)'9>N"6(-1Tﬂ%o"ﬂA/B"v`awlsw 
I

w Wﬁ4u/-(1jlo?
>)!4uﬃ+:(ﬁ)"ﬂﬁﬁ)$!ﬁ)1dﬁ)1ﬂﬁ)W"6W(>N"6ﬁ'"60ZD&!:ﬁP/-1@,.!W4T9:·/B"6uﬃﬂﬁ)>ﬂﬁ:;tT"6+ﬂﬁﬁs:(;"6ﬁ¤?
/-:ﬃ ﬁ>:(/-9Wﬁ0Łﬁ)$-ﬁ1"6!9+\!@"6(1B"ﬂﬁ/-:(:;t1ﬁ)ﬁ'ﬁ)'d1]"ﬂ<!9o"k70ﬂﬁ'+9>)"ﬂ(!16NJ
ﬁdﬂﬁ'+9>)"ﬂ(!1i7ﬁﬃW!ﬃ !ﬂﬁd:(:ﬁ)1>&'ﬁ"6+ﬁd\!;$!ﬁ1iZD&!:(ﬁ/-1M,.-ﬂ4T9:(/  (15"6/
'\!6/Bﬃ' @T"6')

ò
7ﬁ\!5"6u!1x"6+ﬁq/-W>J ﬁq'\!6/Bﬃ*q @@"6A/B"u{ﬁ
:(:a/-Wﬂ&>(/B"6ﬁ<"6 Å:(:a/B:{/%t&sA/P$!ﬁ*/uﬃA/->V[]1\u>)%$!ﬁW(1\d/-:(:a1+X'ﬁ)JO+ﬁ>-W"6
ﬃ:(/->ﬁ)'!1q"6+ﬁ8/-ﬂ>)Uﬃ:·/PtQ"6ﬁ)ﬂﬁN,.!ﬂﬁ8/>)ﬂ9>)·/-:jﬂ!:ﬁ-J<Q>)!1#"6ﬂ9+>)" @NYS"6/-[-ﬁ8/
1&'ﬁ
9,+
,.!ﬁ/->V >:(/-9ﬂﬁ
9,+
-, dJ^!ﬂﬁ)%$!ﬁ)Yv"ﬂqﬁP/B>V$-/Bﬂ·/BZ:(ﬁ8ÊA¯/-Wﬂ&>·/I"6ﬁ/
ŁpX¡ %NŁ©~¦&§V¢Izl A¢I¦SN¦A /-{'ﬂﬃ:(/Pt!ﬁ'd(1C×o\!9Wﬁ
ò
JoﬁU>-4uﬃ !1ﬁ)1]"{>!1+ﬂ(#"6OB,
/
>)t&>:ﬁ8!1
0.- I
²
ò 0
1&'ﬁ*/-1'2(ﬀ4u/-'ﬁ@-,O/-1i/B:"6ﬁ)ﬂ1A/I"6(1+\CﬂﬁA]9ﬁ)1>ﬁd-,x
Ì@ 

/-1+'n !
 
J+ﬁ</-ﬂ>){-,a"ﬂﬁ 
Ì@ 
OA/P$!ﬁl7ﬁ\!5"/)T/B1'C/-Wﬁl/-::¬!ﬂﬁ15"6ﬁ)'(15"6/6/B4uﬁ
'ﬂﬁ)>)"6!1_YX6/Pt
/-15"6Õ?k>):(&>V[]ﬂﬁBY+ﬁWﬁP/-"ﬂﬁ0/-ﬂ>)-,j"ﬂﬁ

 !
 
A/P$!ﬁ<7ﬁ(\-]"
ò
/-1+'
/-Wﬁ0/-:(:_-ﬂ(ﬁ)15"6ﬁ'^>:X>V[5(Wﬁ-J7×A!108²
ò
P­P­­
7Y"ﬂﬁ20-?K"6 
Ì
(¶/-ﬂWX>)·/B"ﬂﬁ'
"68"6ﬁ
0-?"ﬂX>)>9Wﬂﬁ)1>ﬁQ-,ÊA¯¶(15"6 dYv"ﬂ"V/B(:{1+X'ﬁ Ê¬¯
+
(@4ﬁP/B1]"@"ﬂ'$Dﬁ8/1ﬁ\!/B"6ﬁ)'
:"6ﬁ)6/-:©Y&+ﬁﬂﬁ/-¶"6+ﬁP/-'Q1&'ﬁ<ÊA¯
+
4uﬁ/-15"¶"ﬂ8'$Sﬁ)/ﬃ !W"6;$!ﬁ<:"6ﬁ)6/-:©J
 
!1W('ﬁ)*"ﬂﬁ0ËX?"6MX>)>9Wﬂﬁ)1>ﬁu-,O$B/-ﬂ(/-Z:ﬁTÊA¯O(15"ﬂ  /B1'/-Wﬂ94ﬁu"ﬂ(ﬀ&>N?
>)9ﬂWﬁ1>)ﬁU(1>:·/B9ﬂﬁ
93+
J¶ﬀYa;,"6ﬁ@&>>)9ﬂWﬁ1>)ﬁ8(Uﬃ !ﬂ;"6;$!ﬁ-YD"6ﬁ)17ﬁ8/-''2/-1
/-W>"ﬂq"V/-:j1qÊA¯54/-1'ﬁ/-'(1
93+
Y_-"6+ﬁWﬂﬁBYa,"6+ﬁ@X>)>9Wﬂﬁ1+>ﬁ@(l1ﬁ\5/I"6$-ﬁ-Y
"ﬂﬁ17ﬁ^/B'' /-1 /-ﬂ>;"6"V/-:{1
9,+
/-1' ﬁP/B'1 ÊA¯
+
Jiﬁ)ﬂﬁ^/-ﬂ>)87ﬁ\!5"6)+J

   
   
   
   
   
  
  
  
  
  
v1i
1u i
i
2uiv w=1 w=1
1
ixi1x w=0 w=0
w=1 w=1
3
×o(\!9+ﬂﬁ
ò
Üﬁ<"ﬂﬂ9+"ﬂ^Wﬁ)"ﬂ"ﬂ(1\8>)!4uﬃ !1ﬁ)15"l/Bﬂﬂ&>(/B"6ﬁ)'C"68$-/Bﬂ·/BZ:(ﬁlÊA¯KJ
¶-"6ﬁ"6A/I"v"ﬂﬁs"ﬂﬂ9+"ﬂX?kWﬁ)"W"6(1+\*>)!4uﬃ !1ﬁ)15"67/-ﬂﬁ¶ﬃ:·/B1A/-J ^!Wﬁ%$!ﬁ)Y+W(1>)ﬁs"ﬂﬁs>)!1X?
1ﬁ)>)"ﬂ(!1/-4!1\q>)!4uﬃ !1ﬁ)15"6T/B1'>:(/-9ﬂﬁu1&'ﬁ@/Bﬂﬁ'>)"6/B"6ﬁ)'Z5t 
Y/-1'Z5t
W9"6/-Z:ti1]94TZ ﬁﬂ1\"6ﬁQX>)>9Wﬂﬁ)1>ﬁ)-,l"ﬂﬁC$B/-ﬂ(/-Z:(ﬁ)8(15"6"6+ﬁQ"ﬂﬂ9+"ﬂX?kWﬁ)"ﬂ"ﬂ(1\
>)!4uﬃ !1ﬁ)15"6Y"ﬂﬁCﬂﬁ)ﬂ9:;"61\q\!ﬂ/-ﬃ(::v/-:(WqZDﬁdﬃ:·/-1/-J×o1A/-::t!Y(1&?ﬀ/-1'-9+"W?
'ﬁ)\!ﬂﬁ)ﬁs/-ﬂﬁ<Z !91+'ﬁ'^Z]t
I
J

 6

ﬀ

_¡A-~;§-W|N A¡' @|5-z@~ﬀ| +|&VÃI~¦&§ V¢ -Np~¦&§ |
¥¥
~ﬀ¦S¢&ﬂ 
(2¢I6V¢ -N   @T|5-z@~ﬀ N¬V¡q|* +|&VÃI~¦&§Q¢¤£@V¢ N
1
7 ~ £|-¦ Q¢I¦
¥
Ùd~ £  ~ |-Ł~NÏ
Ø7|5Ð
¥
 
#


 $ %
<(1+'(>/B"6ﬁf5t"6+ﬁO3Aﬂ#"W"6/B"6ﬁ)4uﬁ)1]"(o"ﬂﬂ9ﬁBY-{ﬁWﬁ#"V/B"ﬂﬁ"1@/l#"6ﬂ-1\!ﬁ
,.!W4^Ü"ﬂﬁ@'(\-6/-ﬃ  @s/-'4"6l/ﬃA/->V[](1+\C>%$!ﬁ)ﬂ(1+\^/B:(:"6s1&'ﬁﬀ/-1+'qﬁWﬁ
/-::_/-W>Î
Ê
¯
ª
Ì
¯
YAÎ
Ì
¯
ª
!
¯
/B1'
Î
!
¯
ª
Ê
¯
Z ﬁ:(-1\@"6@"6ﬁﬀﬃA/B>V[&1\u/-c
Ê  
Y,.!/B:(:S>):·/-9+ﬂﬁ¶±ﬂJ
×A!_"6+ﬁ7Wﬁ>-1'TW"6/B"6ﬁ)4uﬁ)15"PYI1-"6ﬁf"6/B"/-15tﬀﬃA/->V[](1+\l>P/B1*1B"j>)!:(:ﬁ>N"4u!Wﬁ"6A/-1
1
/-ﬂ>)*-,{{ﬁ)(\!5"
ò
,.ﬂ-4 /^\!;$!ﬁ1M"6ﬂ9X"6iWﬁ)"W"6(1+\>-4uﬃ !1ﬁ)1]"YoW(1>)ﬁu1^ﬃA/->V[](1+\
>/-1^>)!:(:ﬁ>N"4u!WﬁU"6A/B1qF8/-ﬂ>),.ﬂ!4 /

 !J7×A9#"6ﬁ)ﬂ4!ﬂﬁBYA,o/@ﬃA/->V[](1\u>!::(ﬁ)>)"6
1
/-W>-,7ﬁ\!5"
ò
,.ﬂ!4 /T>!4ﬃ !1ﬁ15"Y+"6ﬁ)1C"6ﬁ)ﬂﬁ0/-ﬂ>)A/P$!ﬁ<Z ﬁﬁ)1^>)!:(:ﬁ>)"ﬂﬁ'CZ5t
I

Ì@ 
)Y_-"ﬂﬁ#(ﬂﬁ!1ﬁT-,"ﬂﬁ"ﬂﬂﬁ)ﬁT1&'ﬁ<-,"ﬂﬁT>)!4uﬃ !1ﬁ)15"l>V/-ﬂﬁT1>'ﬁ15"
;"6@"k{ﬀ7ﬁ(\-]"1)ﬀ/-W>f-, "6ﬁ>)!4uﬃ !1ﬁ)15"{!9+:('81-"fZ ﬁ>%$!ﬁ)ﬂﬁ'SJ7×A!j"6ﬁ6/B4uﬁ
WﬁP/-W!1_Y]"6ﬁ
I

Ì  
f>Vd>-:(:(ﬁ)>)"
1
91"ﬂ7B,S7ﬁ(\-]"v,.ﬂ-4"6ﬁ¶>:(/-9ﬂﬁ¶ﬁ;"6ﬁ)f>%$!ﬁ)
1&'ﬁ)¶Ê
Ê
¯
YAÊ
Ì
¯
/-1+'^Ê
!
¯
!>)$-ﬁU1+X'ﬁ) Ê
Ê
¯
Y Ê
Ì
¯
/B1' Ê
!
¯
JOk1Q"6ﬁ03Aﬂ#"l>/-ﬂﬁBY $B/-W·/-Z+:(ﬁ
ÊA¯j("6W9ﬁ3D (1
"6ﬁ0ﬂﬁ)>!1+'>P/-Wﬁ-Y¬$-/Bﬂ·/BZ:(ﬁUÊA¯o(,Ł/-:(Wﬁ-J¶%´"6ﬁ0ﬂﬁ/-'ﬁsﬂ-9:('QZDﬁ
1>-1'"ﬂ(!1
"6/-ﬂ>)ﬁW"6/-(1Q"6A/I"  @s/-'+4u;"6¶/dﬃA/->V[]1\>%$-ﬁﬂ1\C/-::"6¶1&'ﬁ
/-1+'QB,>-W"
1
7Í,o/-1'
!1:;t, µ(6/I"6(#3¬/-Z:ﬁ-J
ò
)
   , .)( &)( -"  , 	ﬁﬀ "  	" .)ﬁ 	 &).
ﬁ0Wt&#"6ﬁ4Íﬁ)ﬂﬁ0ZDﬁ):(%y'ﬁ)ﬂ>)ﬂ(Z ﬁ¶"6ﬁ0>-1]$-ﬁNe^]9:(:-,o>VA/-ﬂ/->)"ﬂﬁﬂW"ﬂ(><$!ﬁ)>)"6-ﬂlB,
ﬃA/B>V[&1\!-,¬'+(ﬂﬁ)>)"ﬂﬁ'8ﬃA/B"ﬂ/-1'8>NtX>):(ﬁ)Jﬁ/¶ﬁ1>)ﬁ7ﬁ>P/B1T3A1'8ﬃA/->V[](1+\!-,¬'ﬂﬁ>N"6ﬁ)'
ﬃA/I"6¶/-1'Q>)t&>):(ﬁ-,j4u/IeX(4T94 >!#"PJ
4u/Ie
9
Ê



ÊjBÒf.Î+W	
ò

Î 6Æ
Êj
°
.Î+W	
ò

Î 6Æ
Ê  )

ò

	
   _¡A(-Np©~KVﬂ<¢¤£¡Al|5ÐN¢ - A¢
¥ ÙI¤¢V Al|-6  6VN~% ¥ Ùﬀ.¡A<V¡+|-W|&NkNpÏ
~NŁ~K -VNk¢Iﬂ@¢¤£O +|&VÃI~¦&§ *¢¤£*-~6VN¤ﬂﬀ +|-¡C|-¦ 
NÙ5 ¥ ﬂ 
# 

 $ % "ﬂ9->ﬁ)s"ﬂW%y"6/B""6ﬁ0/-Z %$!ﬁ0ﬃD-:t]"6!ﬃ ﬁU(15"6ﬁ)\!6/-:©J
>P/B1iZ ﬁu'-1ﬁdZ5t2W"6/-1'A/-W'4ﬁ)"6+X'ﬀ,.ﬂ-4ÄﬃD!:;t&ﬁ'ﬂ/-:f>!4Z(1A/I"6!W(>)Y
/-1+'/-:(-1\"ﬂﬁﬂ/-4ﬁ:(1ﬁ¶-,fﬁpe+W"ﬂ(1\uﬃﬂ&-,.,.!s"ﬂﬁZﬃA/-#"6"ﬂﬁﬀ4d/B"ﬂ>V(1+\dﬃ !:t5?
"ﬂ!ﬃDﬁBJs/-4uﬁ):t-Y!1ﬁCA/-T"ﬂ/-ﬂW94ﬁ"6ﬁ
ﬁNeXW"6ﬁ)1>ﬁ
-,s/q,.6/B>)"6!1A/-:f$!ﬁ)W"ﬂﬁNe /-1+'
"ﬂﬁ1C\!ﬁN"/>)!15"66/B'(>N"6(-1'ﬁW$&(1+\"k{T,.ﬁ/-ﬂZ:(ﬁsﬃD-(15"67A/P$X1\T"6+ﬁU\!$-ﬁ1$-ﬁW"ﬂﬁNe
1^"6+ﬁ(s>!15$-ﬁNe]9::KJ¶k1'!(1+\u"6+(YD!1ﬁT>)!1>)ﬁ15"6ﬂ/B"6ﬁ)<!1"6+ﬁT'(\-6/-ﬃ^-,f!1:;t
"ﬂ!ﬂﬁs/-W>v/-ﬂWX>)·/B"ﬂﬁ'8"6ﬀ,.6/->N"6!1A/-:>)!4ﬃD!1+ﬁ15"6f-,D"6ﬁ¶/-Wﬂ94ﬁ',.6/->N"6(-1A/-:+$-ﬁ#?
"ﬂﬁNeDJﬁ¶[-ﬁ)t!Z+ﬂﬁ#$B/B"6!1u"6A/I"71d/B1]t@31"ﬂﬁ¶1+!1X?kﬁ)4uﬃX"kt@'(\-6/-ﬃ8"6+ﬁﬂﬁ¶ﬁNeXW"6
ﬁ)"6+ﬁT/B1³|
¥
¤Np¦ |-Ł~¦&§MN~VN&~ŁYKJGﬁ-J/>ﬂ>9+"0ﬁWﬁd"6ﬁd'(Wﬁ>)"ﬂ(!1+*-,"ﬂﬁ/Bﬂ>
/-:!1\T"ﬂﬁﬀ>(W>9;"/-:;"6ﬁW1A/B"ﬂﬁ-Y!¶/@4u/IeX(4u/-:S/B:"6ﬁ)ﬂ1A/I"6(1+\@ﬃA/B"6SJ
wl:ﬂ@"6+ﬁ0'+9A/-:KY+ﬁWﬁ0Z ﬁ:%ﬀYAA/-(15"6ﬁ)\!6/B:_ﬂ!:9+"6!1)J
4u1
ò
Ò
2
ò
°


Ò.ªS 2

°
ŁÎXB
9
@


Łª

ÎX!6
Ç

 )
KF!
	



_¡A*|5ÐN¢ -O A¢
¥
ÙI¤¢V A0~<~¦A¤K§-W|
¥

#


 $ %
wl\!/-(1^"¶(s/u4u/B"ﬂ"ﬂﬁ-,f/B'A/-ﬃ+"ﬂ(1\W"6/-1'A/-W'/-W\!94ﬁ15"6(>Vq/-ﬂW94uﬁ
/@,.6/->N"6!1A/-:S$-ﬁ#"6ﬁNe/-1+'^"6+ﬁ1\-ﬁ)"s/>)!15"6ﬂ/-'(>N"6!1^'+ﬁﬂ;$&(1\@"k7u,.ﬁP/Bﬂ(Z+:(ﬁﬀﬃD-(15"6
A/P$&(1+\8"ﬂﬁﬀ\!$-ﬁ1
$!ﬁ)W"6ﬁpe^(1C"6ﬁ)(>)!15$!ﬁNe^]9::KJﬁﬀ,Ł/->N""6A/B"¶W9>Vq/@ﬃWX-,j>P/B1
Z ﬁU'ﬁ)ﬂ$-ﬁ'^/-:(-1\"6+ﬁU:(1ﬁOB,j>):·/-Wﬂ>P/-:DﬂﬁW9:"ﬂ{,.!OZ+(ﬃA/-#"6;"6ﬁl4u/B"ﬂ>V(1\(OZ ﬁ)"W"6ﬁ
ﬁpe+ﬃ+:·/-1ﬁ'
Z5tC"6ﬁﬀWﬁ'9>N"6!1
\!$-ﬁ1QﬁWﬁ0Z ﬁ:%ﬀJ
k1 /-15tM>P/-Wﬁ-Y{ﬁC>/-1/-:ﬂqﬃ+ﬂ!ﬃ !ﬂﬁ/ﬃ9Wﬁ:tM>-4TZ(1/B"6!W·/-:f/B:(\!!W"ﬂ4Ä1-"
ZA/Bﬂﬁ'!1`a1ﬁP/-¶ﬂ-\!6/-44(1\T"ﬂu3A1'^ﬃA/->V[](1+\!l-,o'(Wﬁ>N"6ﬁ'^ﬃA/B"ﬂU/-1+'>)t&>):(ﬁ
ò5ò
-,{4d/e+4T94 >)!W"Jk1'ﬁ)ﬁ'_Yo!1>ﬁd/-\5/-1_Ya"6ﬁ8,.!::(%(1\CWﬁ'9+>)"6!1M"ﬂ^Z+(ﬃA/-#"6;"6ﬁ
4u/B"6>V+(1\@'&ﬁ"ﬂﬁ{rW!Z_J
g<$!ﬁ)1Q/-1^1ﬃ9+"O'(\!ﬂ/-ﬃ È²KÆ
6Ç
NY>)!1W"ﬂﬂ9>N"U/@ZﬃA/-#"6"ﬂﬁl\!ﬂ/-ﬃ
!1Q>!:!
>):·/-WﬂﬁTÆÒ ² Î&Ò ÜÎ 6 Æ

/B1' Æ
°
² Î
°
ÜjÎ 6 Æ

/-1'A/P$&(1+\q/-1Mﬁ'\!ﬁ
ª ÒDÎ
°
;,f/-1'!1:t
;,¶Łª

ÎX 6
Ç
Jls-"ﬂﬁ*"6/B"l"ﬂﬁWﬁ(l/d1A/B"ﬂ96/B:>)!ﬂWﬁWﬃD!1+'ﬁ1>)ﬁ
Z ﬁ)"k7ﬁﬁ)1"6ﬁﬀ4u/B"6>V+(1\!-,
µ/-1'
"6+ﬁ0ﬃ/->V[](1\!¶-,j'(Wﬁ>N"6ﬁ'^>ﬂ>9+"6/B1'^ﬃ/B"6
1 ^J
#
   
 
 $            	
 t&W"ﬂﬁ4
ò
ﬁ)ﬂﬁ/-ZD%$-ﬁ-Y_/I,"6ﬁ"6+ﬁT/-''+"6!1Q-,"6+ﬁQÓÞÆQÓ+ﬁA]9A/B"6!1Êj IÒŁÎXWO²
Êj
°
.ÎXﬂNYX'ﬁW>W(Z ﬁ¶/-1C(15"ﬂﬁ\!ﬂ/-:Sﬃ !:t]"ﬂ!ﬃDﬁT©/-1+'Q+ﬁ1>)ﬁﬀ"ﬂﬁU>)!15$!ﬁNeQ]9::S-,ﬃA/B>V[5?
1\!{B,'(Wﬁ>)"ﬂﬁ'C>)(ﬂ>)9"ﬂVpY+/-{!1ﬁU>/-1Cﬂﬁ)ﬁUZ5tﬁWﬂﬁ)1]"ﬂ·/-::t8"6+ﬁU6/-4ﬁlWﬁ'9+>)"6!1"6
ZﬃA/-#"6"ﬂﬁT4u/B"6>V1\ÜU"6/-[-ﬁ8"k{^'(rW!(15"ﬀ>)!ﬃ(ﬁ)*Æ
Ò
/-1'iÆ
°
B,Æ /-1'2ﬃ9+"0!1ﬁ
ﬁ)'\!ﬁOª ÒSÎ
°
ﬁ)1ﬁ)$-ﬁsŁª

ÎX!6
Ç
Jo"6(4ﬁ-Y-/-:(W</-''T"ﬂﬁﬁ'+\!ﬁÎ&ÒDÎ
°
,.!oﬁ)$!ﬁ)Wt
Î=6ÆuJ
sB"6ﬁ"6A/B"v"6+ﬁﬂﬁs(v/*Z+ rWﬁ>N"6!18ZDﬁN"k{ﬁ)ﬁ1"6+ﬁ¶ AN£PVNA4d/I"6>V1\!v-, 
¸/-1'"6ﬁ
ﬃA/B>V[&1\!-,j'(Wﬁ>N"6ﬁ'Q>ﬂ>)9"ﬂ/-1'QﬃA/B"6+¶1 J


Á-Á<Á<¶Á
E
ò
H+Jws[&;t5/-4u//-1' MJﬀ/-1+YUj/B"6³,Ł/->)"ﬂ!ﬂCB,T/\!ﬂ/-ﬃ_Ys(1_Ü

W|N A¡C|-¦ 
ﬁ
 5 
¥
~Kﬂ|-©~K¢I¦ !Y7Łﬁ'+Jj×{J /l/-ﬂ/-Wt/-1'+J

J /PtXZ ﬁﬁPNY-!1L³(:(ﬁNt

-1Y
¶ﬁ)v!W[
ò

 0
pY
ò
?¤F
ò
J
EGFIH ﬀJ
 
Jf¹{Wﬁ)W"ﬂﬁ)Y{J /sﬁ::KY

J /*Jj/-15"6ﬁ:©Y ﬀJ  ©Yf/-1' wJvﬁ)Yvo/->V[](1+\
ﬃA/I"6(1
'\!6/BﬃY v¢¤£

W|N A¡ _¡AV¢IpÙIY+"6/-ﬃﬃ ﬁP/BJ
E
I
H*g@J
 
-ﬂ1]9ﬁﬀﬁ¤rW-:(Y TJ /s/-W"W$X\!ﬂﬁ)1_Y_/B1'qL¸J_9::(ﬁ)t&Z:(/-1[¬YDo/->V[](1+\Cﬂ9Z\-6/-ﬃ+
1^/@\!ﬂ/-ﬃ_Yﬃﬂj ANW|-Ł~K¢I¦ &ﬂ%ﬂ|-6V¡ .N©kN  


ò


F!NY
ò I
I?
ò
1
I
J
E
1
H+J>'4!1'+JAj/B"6)Y"6Wﬁﬁ)Y¬/-1' A%7ﬁﬂ)J
ﬂ
|-¦ |5-~Ł|-¦!A¢I&N¦ |
¥
¢¤£/(|-¡ANz|-ŁÏ
~Kﬂ 
 

ò

1 0
NY
1 1
I?
1
1
ﬂ
J
E
0
H0J /sﬁ):(:/-1+' TJ_g8J"<(ﬂ[]ﬃA/I"6ﬂ>V[¬J <U1\!ﬁ1ﬁ)6/-:)ﬁ'4d/I"6>V1\ﬃW!Z:(ﬁ)4u)J

¦AÏ
£P¢Ipz|-Ł~K¢I¦ 7V¢%VﬂﬂN~¦&§ .NŁkNﬂ 
 

ò

Oò
NY
I I
?
I 0
J
ò
F
E1
H0J./¶ﬁ::¬/-1' TJ&g@J <(W[&ﬃ/B"6W(>V[¬J5o/B>V[&1\!7Z]t8>):( A&9+ﬁ7/-1'Z]t83A1+"6ﬁ,Ł/-4(:(ﬁ)
-,j\!ﬂ/-ﬃ)Jﬀ~%N6N¤ (|-.¡ANz|-Ł~Kﬂ   
ò


1 pY 1
0
?
0
+J
E ﬂ H0J /sﬁ::KJgﬀﬂ/-ﬃ^o/->V[](1+\!J  9+Z4u;"ﬂ"ﬂﬁ'_J
E

H TJ`a>V]"ﬂﬁ1#"6ﬁ)(1_Ynf:(/-1A/-u,.!ﬂ4T9+:·/-ﬁ/-1'c"6ﬁ)(C9Wﬁ)J  kw  -!9W1A/-:U!1
 
!4ﬃ9+"ﬂ(1\+Y
ò5ò

ò


F!NYX1J FXY
I
F 
I
1
I
J
E BH0`JO`a%$ ﬀ/- q/-1' MJ TJ{:94u4ﬁ)Y (|-kV¡&~¦&§ _¡AV¢INÙIYwl[I/-'ﬁﬀﬁ)4u(/- ﬀ(/-' ﬀ

ò

 1

E
ò
)BH MJD`aXﬁ)Z:/-1'  J j!:Þrﬂ/-[¬J >ﬁ->)(ﬁ15"lﬂ9Z\-6/-ﬃ^ﬃA/->V[](1+\J ¬¢I&p¦ |
¥ ¢¤£
ﬂ
¢IzÐ~Ï
¦ |-k¢Ip~Ł| ¥ _¡AV¢INÙ _Np~Kﬂ	  
 
ò
 
I
NY
ò
)
1
?
ò
F
ò
J
E
ò5ò
H  J /*J]o/B1]"ﬂﬁ:©J]gﬀﬂ/-ﬃ8j/->V[](1\*ﬂ!Z:ﬁ4Y 2J  >BJ5ﬁW()Y  (4!18×A6/-Wﬁs1+;?
$-ﬁﬂW"kt-Y
ò
 

J
ò I
